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ABSTRACT 

Raading anconpaisas a wide ranga of verbal procaises, 
aaong tha« such siaple verbal processes es word decoding, letter 
recognition, na»a ratrievel, end saaantic eccass. The question is 
whether sisqtle verbal processing differences are adequate to eccount 
for generel reeding ebility differences. Across different verbal 
doaains end different e^es» the hallaark of skilled verbal processing 
is efficient word retrieval froa inective aeuory.' What varies ecross 
different verbal doaains end verbal skill levels is the extent to 
which one or the other of these siaple processes is rete limiting for 
en individual. Reseerch studies have shown that uwng children, the 
rete limiting process is word decoding, whereas among college 
students it is name retriavel. However, verbal knowledgr else makes e 
contribution to generel verbal sbility that cannot be ee&ily reduced 
to simple verbal processes. Simple verbal processes cennot eccount 
for either differences in the ebility to CMq^se e text or to 
e^reciete distinctions between semantically releted wordSk The 
former enteils e number of CMUplex verbal abilities producing wide 
individual talents while the letter implies fsirly simple but 
powerful semantic and morphologicel knowledge. Such ebllitias suggest 
cognitive coiqponents beyond sii^la verbal processes. (aOD) 
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INTRODUCTION 



Some persons tcao .v^ciK have large voeabulaties^ and seorc high on verbal 
intelhgenee tescs. Others read with difTieutcy^ have smaller voeabulanis^. 
and seore lower on verbal intelligenee tests. What proecsies underlie sueh 
pervasive diffetenees in verbal ability^ Are the proeesses that underlie djf- 
ferenees among ehildrcn in reading skill the same those that underlie 
difTerenees among adulcs n reading skill or in verbal intclligctieC'^ These arc 
the general questions addressed by this chapter. 

The outline of the ehapter and my mam eottelustOns ate as follow^: The 
hrst seetion argues for a heurJsueally useful distinction between simple 
verbal proeesses, eomplex verbal proeesses* and verbal knowledge as three 
eomponents of general verbal ability. The remaining sections examine the 
excenc to whieh four simple vetbal ptoees!>es — lettet recognition, decoding^ 
name retrieval, and semantic aceess — can aecount for differences .n reading 
ability of children and adults, as well as in aduh verbal mtetligeiiee A ni^^or 
conclusion is that across different verbal domains and diffetent ages, the 
hallmark of skilled verbal processing is efficient word retrieval froni maam* 
memory. What variesacross different verbal domains and verbal 5kill levels 
IS the extent to which one oi the other of these simple proa^sscs is rate 
limiting for an individual Among children, , the rate-limitinj:, process is 
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word decoding, whereas among college adults n gtiicral name rc'tnc'val. 
In iddition^ vc'rbal knowledge makes a contribution to general verbal ability 
that IS not easily rc'dticc^d to simple verbal process*.^. Knowledge of both 
linguistic forms and concepts is as characteristic of verbal ability as speed of 
name retrieval. The fmal section briefly suggests how complex verbal pro- 
cesses can be affected by* but not reduced to. simple verbal processes 

VERBAL PROCESSES: A DEFINITION AND 
THEORETICAL FRAMEWORK 

For present purposes^ d rrrW procw is any cognitive activity that (by rea- 
sonable ^fifcrencc) involves the recognition, retrieval, or u*:dcrstaiiding of 
linguistic forms. Thus, recogniztn^ a word is a verbal process and recogniz- 
ing a face IS not Furthermore, a simptv rerhat process is a verbal process that 
relies mainly on access ^nd retrieval of hiiguistic elements stored in a memo- 
ry system * In its simplest form, it is access to a specific memory location, 
whereas in its more elaborate form, it also includes simple decoding opera- 
tions. Thus recognition of a letter and recogiittion of a word are both simple 
verbal processes, even jf recognition of a word involves retrieval of decod- 
ing rules and decodmg operations. Bv contrast, a cotttpkx verbal prowss is 
one which requires multiple memory access and manipulations of accessed 
units. Thus*. CO rr prehension of even a two-word S4.iiteiice is a complex 
verbal process The distinction between simple and complex verbal pro- 
cess4.^s becomes difficult for certain cases. For example* the decoding of a 
rare word.; (e g... ra^auoti) or even a relatively common morphological com- 
pound (e.g.,, nonsexi^t) may involve multiple access and manipulation more 
than the understanding of the two-word "sentence * -V*' Stttokoi^^ Such cases 
are interesting just because thev suggesr rhat decoding may sometimes be 
complex and comprehension may sometimes be simple. As i general case, 
however, letter and single-word proasses are simple and comprehension* 
even sentence* comprehension* is complex- 

In addition to simple and complex verbal processes,; verbal abilities rely 
oi; tfCrhtit kfMwhdi^c Verbal knowledge i^ the information in permanent 
memory that is accessed afid manipulated by verbal processes. Again^ it is 
useful to assume more than one level IVord-Jorm knowledge inc!ndes infor* 

^1 r^^Vr (o such processes is itmpit rjijior ihjti fftttirtitary confusmn wtih t'lanc 'f^tty 

)rr^»fmjnorip«M*jri (Ncudl*^ ^>iniiin, 1*^72. jIikj c:h4ic\ 1^78. pp Ihclitkr m niurc 

^irjrrtf/ ^nd n\OK eUmftuary \ ^ssi^nic thu sunpic verbal processes jrc iksLTibihlc, in prmoplc. 
in icrnis ot chose clcmcitirv p'otmos. 4i pn:^t\L chc rcsc^Kh on mdicidu^l dilTcrcnccs 
t'iiimv. ind Ut^\\ suppori i diuussioii jr siuh j kvcl 
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Illation spt Mtic \\or<l lonns, irr\s}H.i tivc ofwor^l iiuaiiiiiL;v ^K>rc^t .it 
spcnfic TiKitu>r\ KK:,nions I Inis kno\\It J^ic rli.it /Jtf is a \\ ord in ^ll^llsh 
and tlui It IS pronoMiiad /fjckt/ is t^rd-lonn ki>o\\ Icdjiv. Cl'ostlv rcLitcd. 
but oTa sUi^hrK dtrtlrvnt knul. is vaihil-ntU- ktK>wkVi:c. of \vliK h rules of 
^riplKinc-plioncmv corrcsponJcnccv plioiiotACtic tmIcs. atid t>rthot;M|^luc 
rn!ts jrc sjlunt cvjiiiipks CiranitHtitK m) riiks jrc also part oftlu' kno\vk\it»c 
system A third type, of pcrinaiicnt iiiciiiory verbal kiKn\kdi:L is wotti- 
cottapt kiiowk^djic {vocabnbrv). It i> ihc ijcaitini: of word^. iikhuhnji j 
network of rckition>hips .11110111^ uord ainccpts Fmally.^ higher kvel >itutihi 
knou'ledi^e is r4,prcsetited ni pernuiietit memory, l he difilreiiee bet\\ ceti 
word-toiicepT and ^ehema knt)\vledye w essentially one of ori*aiiuatiun 
Scht'*naiit are parts of a eoneeptitji network that aec^uire. through evpcri- 
ence.. some ^itattis jl's higher order concepts - 

What uould »t tiuan to duraetcn^e individual differem-es m terms of 
these processniy and kiiov. kdge et niponcnt^^ In faet. theso components art' 
niCerretated aspects of an information-processing system There isiu/ reason 
ro believe that there is indepcndenec' tKt\vecn processnig and knowledge 
compoueats Indeed, principles ofivsteni design uiclude trade-otVs bct\vceii 
stored mforniation (kiiowkdge) and data^handling procedures Instead, the 
knowkdge- process dmitiction is simply a useful organizmj* devuv *or eon- 
sidenng conipk x coj»nitivc pri>ccNses. TliiK, che eharactenzatioii of indi- 
vidu.'tl ditTercnces m verbal ability will be ni forms of simple and eoniplev 
verbal processes and verbal knowledge. 

The focus \vill be on general v erbai abilities rather than >peejfic ones For 
example, as Hunt. Lnntuborg. and Lewis (l*>75) put the qMestion, What 
does ir mean to high verbal' What doe^ it mean to be a >kitled reader^ 
What IS involved in vocjbnlary diflcrena^^ How does verbal ability in 
ckiiientary sehool years relate jo verbal ability of College students' 7 hese 
are the topics disCMssed ni therenuniinj; secnons 

iNpiviDuAL i)iffekenc:es in readinc; 

SKILL 

Reading ericompaws a \\ ide range ot verbal processes that must be e'onsid- 
cred a pervasive pan of what we ordinardv think of as verbal abthty In a 
nonliterate eulnire tlie' concept of "verbal jbilitv/' were it to tjunr H alL. 

-The (^>iitnits ot tlu' ^irbjl inci^ior^ -itK. ri p^l^clltHltl^ l oi tlk^fn^x ^.^i sum hihi 

jncmor\ Tllu^ wi^tii-n^tuftt kiu^ultd^i' ts Rpristni^d b\ iiLi\M>rks (( tOlnu A I i^U- 

lis, Vf^^, 1 iridsj\ ^ Ni^^hijn Vfll] jiut sthtnu ^^J^>uU'^^^l is npriMijuil is tlnihur-iini 
forufprijj! ruT\sork^ ^KtjnuNuft A Ort^nj^. 1''^" pp 
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u'Quld have i distinctly difTctait tlavot. An individiiol va'ucd tot his ^^tory- 
tclling or some other oral talent could be evpected nor to show vetbal 
abditv, even oralK, m the tasks devised by literate and technoiopcal so- 
cieties (e.g., CqIc ik Scribner 1974). Although some (e g., Ncnsser, 
pp. 135-144) have taken tins to argue ag;:mst psychology's concept cif 
intelligence, it is more *o the point, m the present discussioiu simply to note 
that Jiteracy is likely to be a prerequisite for the sott oi verbal abilities that 
this chapter is concerned with whethe'r the particular research in question is 
on reading or oral language processing 

The range of reading talents is very wide Roughly put,, thev range from 
children and adults who cao barely read isolate^l common worjs to indi- 
viduals v'ho can read several hundreds of words per nimute with some 
comprehension Th ? question is how can we account for this wide range q{ 
talent, or a: least characterize it usefully^ A related question i^ whether being 
skilled m reading at college age is rougnly The same as being skilled in 
elementary school Can ability dilTercnces among third-gra<*ers be de- 
scribed in the same processin^^ ternis ability difiVrences among college 
students'^ 

Elementary School Reading AmL!TY 

Children begin formal readmg instruction in the United States at age 6, 
although most have had considerable reading-relevant experience before 
then,; at least in the form ot '*readincsb" carricuta oRered in kindergarten. 
From the fir^t day of instiucticn.^ there is a wide range of reading talent. As 
reading increases m comprehension demands^ the contrast between high- 
and low*ability readers increases Considering reading comprehension as 
the ability to be accounted for,, what components of verbal processing are 
responsible-' 

SIMPLE VEKIJAL l>R<H ESSES 

The elementary reading activity is word dm^dtn^i Wotd decoding is the 
transform of a printed input into one or more of its corresponding linguistic 
forms. Thus. Uad is decoded as /led/ or /lid/ In principle, the fact that the 
two forms are connected with jiflferent semantic strncrures is irrelevant- 
Because decoding, prittia fact^> is the essential simple reading process, the 
question is not so much whether it is a source of individual differences, but 
whether such diflferences reduce to other simple processes One such pro- 
a'ss IS httcr or httirr pattmt r.'^Oi^ttitiott . Another is namv utm va^. 

Letur recoi^ttmoti is 5 simple verbal process which is some part of decod- 
ing In general recognizing crnstituent letters of a word mediates recogni- 
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tK>]] of the \\oTi.\ Hits (s irn to s.n tlut rc jJin^ is .1 K mT-h\-kitcr pRu tss 

JcUiiai process iiukIcIs oI \\ord recoil iitioii iiKludc some cjrK suite ol 
letter recognition (cvi^ . M.iss.iro. I'^7S) lt\ ju inttr.utive iiickkl ol v^ord 
recognition. ^ letter uteiititlcMtioit is Mc'ilitJteJ b\ orj raot*]]]tioi> a ' js 
vice \vrsj (McC^lclljiiJ ^ Kmncllurt* I'WL lUittielli.irt ^ McCkllaiio. 
I*JM. pp 37-fyli) A j;ciot1 Jejl oi letter proce sses for skillt d rt .Kkrs itnohc- 
usiiii; knowledge *)bc>ut ktter pattcr.is ((tibsoiK or LOiistraiiits on 

pen ills sibkorcbo^rjpliic pJttirus (Vcnczkv. 1470) Specific liitiher orJer 
kttcr patterns imu be th<ui^ht oi .is bcini; lessibk^ 111 nio]]ior\ .is a iuui non 
oricaniin^ (c LjBerj;e Samuels. 1474) I Inis. pattern processes jre 
not jiccessjrily just recursively applied sinj»lc-k^aT processes. Uie letter- 
pattern procc^sc^ and le tter processes are grouped t<>j»cthi r onK bv distnie- 
tion from word deex>dini^ 

Another simple verba! proce^s closed* related to word deeLHiuii; is name 
retirevil (riven iuv jjipu! whick eorrespouds to a locaiK>n 111 perinanejit 
nie*tnory. name retrieval is the process of accessing the location and pr<Hluc- 
ing the name Thus nnne retrieval is patently part of decoding when oral 
reading is nivolved and implieitly part of deeodnii^ during siU'iit readmit 
However, some decoding task;;.: particularly lexical decisions, do not have 
to involve name retrieval, at least in principle. Note ako tlut 111 some tasks 
letter r^'cognjtion ean involve retrieval of Ic^tter names 

A fourth simple verbal procc^^s i^^ Htnantu aufyb Seiitantic^ access ocviirs 
when meamn^ components stored w ith a word ui memory are^ aetivated^ 
Keadin^ comprehension, unlike decoding.. Cannot occur without semantic' 
access One of the individual-diRcrenecs questions :s w hether ability dif- 
ferences* exist in semantic access w hen differences m decodini^ are aceoumed 
for. 

In summary, there are four simple verbal process's to consider Tvio of 
thcsc\ decoding and semantic access are independent in principle DeCi^lm^ 
is the linguistic translation ofa ^raph^'mv strnig w hich mav or may not have 
a semantic e*ntry m memory. Letttr rero^;iiition is part of decoding; Name 
retrieval is also part of decodin^f, but it is a i^eneral proevss operating on 
name information in memory. 

The question to be pursued is whether simple verbal protessin^ dif- 
fere^nces are adequate to account for general rcadinj;-abilitv differences 
ConipIeK verbal processing; differences are pre'sent. almost by defimtion the 
ability measure ni question is measured reading com pre liens ion I he ques- 
tion IS whether such differences can be diaractirized m terms of simple 
verbal processes Furthermore, since decoding includes letter processes and 
ge^neral iianie retrieval processes, we want to kr<ow* whether tlie*^^ last two 
are more basie to individual diffiTeiices 
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l>L< <>OlN<t AND NAMi. kCTRILVAL 

Cffvcn an ocdtn^rv pnntcd word, a ht^)wbi)icv nadcr idciitltic^ it nioirc 
ramdly than a low*>jbilicy rca<lcr. Anions chird- hmrth*. and fifch-jjradc 
subjcccs. wc have found the mean ditTiTcncc m Uccticy Co voc;thzaciOii 
(''naming Cimc * as ic is jsually caMcd) co he us hi^h as 4<KI milhscconds 
(PcHccti, Fin(»cr& Ho^aboam. 1*J7S), ilchou^h sinalkr difTcfniccsarc more 
cypical (c.g.f 2(Kl milliseconds (Pcrfccci it Hoi^aboam. 1*J75), and 12l) milli- 
seconds jHogaboam & '*crfctci, I'I78|). The ni.i^iiicudc of t.ic JifFcrcncc is j 
function of word frequence* and word Icn^ch TUc difil rmi c iS kss for high 
frc-qucncy Words than low ficqucncy wcrds (l*vtfccci & f)<;^aboam, 
regardless of word Uii^cli ()Vrtc!Ci. C^oldiiiaii, & Mu^aroain, ^*J79) at^d 
hij^hcr for cwo-^yl)abJc words (Ho^abo^iii & IVrft'CCi, i97rt) ainl cspi.^cia)ly 
lacgc for tiircc-syJlab!c words when frcquc;KV is comroJIcd (Pcrfccti ct aL, 
1*>7S) As a general characc<:nzaiion, chc magnitude of the ibihiy diffcra cc 
IS a linear funcnon of ascra^c luming cmic: chc more du^lcuh cht^ woA^- 
dcrodiii^ process is. d.: i^rcatcr the abdicy difference. 

Derodin^ measured by naming cime clearly involves Jiame rccritv J- Is 
general jiainc recrieval a verba Uproa-ssinj; componcm ihac difTcrcnCiaccf 
h!j;h- and low-abilicy readers? Kriccti ec al (1*J7H) required subjects co 
name a variety of visually presented stimuli— colors, digits, and pacures as 
well as words HijJth-abilicy subjects were sigmficandy fasccr than low* 
ability subjects only for word scimiili. Among ocher stiiiiulus cypcs. color* 
naming spetd was coniplecely unrebced co Ce'^ding ability and digit-naming 
speed Has^ sigmficaiic only in a correlation using chc full*ability range and 
noc in chc contrast between reader groups For picture naming even chc 
correlacion of speed wich reading abilicy (r = was of no more than 
marginal rcliabiliry, 

C)ne of che comparisons obcaiiiable from I'erfecci ec al (1978) is cs* 
penally useful for understanding any poceiitial iiame*recrieval faccor in 
digic naming, there were cwo condicions, one in which che sec of numbers 
thac could occur was small and known to the subjecc. In the second condi- 
tion, che sec of number^ thac could occur was large (K)*!}. The comparison 
bccw ceil small-set and Lrgc^ec pcrforniancc can be considered! a difference 
between niUvaieJ memory and tuadttfe memory Wich a small set, all three 
digits can be kepc accive by chesubjccc When one is piescnit. che response is 
mainly a inaccer of (!) enrodnig chc digits; and (2) pr jduang chur name. 
Boch the digic reprcsentacion anu :cs name are presuniabl> already accivc in 
iikrnory, so chere no recrieval in che ordinary sense Under such 4 condi* 
cion. che results were chac chere was no ability factor fn che larg<^scc condi- 
tKn. by contrast chere is a chird process, namely, rttrtevitti^ chc name of the 
digics of memory. The names arc noc active because the set is coo large. 
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Under tlKAc coiiditidiis. there *\.is a Mibjcct vcHi.j|-.ib>lit\ duicrt ncc, detect- 
able' J^ J 'tnijll corrcUtion {t = .38) but not .^^ .> iiunip co|lt^>^t 

A rcUtcd conip.irison r'rcmi Port'ctti /t .\\ (1*>78) lvt\vcui cIomxI sets 
c^f svords tlijt were miuII jiid ptcdict.iblc (c , lumcs *>* the hnir sc.i).ons) 
Jiid opiii sets th;tt \vctc Uriic Jiid iiiiprcdict^ibU" (f^ropcr nai>K's) Unlike the 
cJM' \Mth the dibits. abilit\ duTcrciiccs were t'ouiid rciyrdlcss .^f^ct siic 
Hosvcvct. dini.rciKcs \scro much briber for ofVh Urt;c sets tlun * !oscd s*iijll 
sctii A{*iiiiv the key mchis to be w hcthct retrieval from }>criiianciit incmory 
IS rcifiiircd (open sets) or whether the items to W f^n educed .ire alrc:idy 
ictive: heitce. retrieval is not involved. 

Ill addition to the nainc-rctrK val factor, it is clear that a r actor spcLiric to 
hn^uij^tic forms is involved. I hus.^ for wxnJi identity a tioii. ability dif- 
ferc^tices interaaed with set sue bui even small eloscd sc*ts producc^J M};niM- 
caiit diffcrctiers Tor di};its^ no dift'crenas were prcMiit tor closed sets. In a 
nuiltipic re^.rr\sKin analysis of thc-sc data. 1*cr*i.tti (1^>78) found that 
even when the correbtioin bctwmi ability and all other variabk\ were 
removed. v^Tbal :ibihty a>rrelatc\l si};nificantly with tiiiio to mine words 
from 1 closed set [r = .33) ^ud times to name open-set words (r = A'Z) 
l*erfetti et al sui;t;est that the variuiis tasks eaii be ordered to refieet 

the following coniiH)nent\- (1) name retrieval fruni pcniuiient (inac'tive) 
memory; (2) Lir^e-memory search spac\ and (3) alphabetic lopurs Heading; 
unprcxJictable words has all threi.^ coni)H>neiits. 

Based on the studies cited, the present conclusion is that name retrieval 
IS one of the simple verbal processes that produce abihty difTereiiee> in 
reading; Ho\vever. it i^ not the core component. Word decoding; is an 
important process hcyond name retrieval. I'his conclusion may not apply to 
the entire range of individual diftercncc^ DencUIa and Kudel {l*>7f>), fur 
example, have shown striking naine^retrieval difTerences betwivn normal 
readers and severe dy\lexies However.^ these studies have not ruled out the 
possibility that there is a decodmp difference remaining when nan>e re- 
trieval IS accountc^J for hi any cast\ the iionital ranj^e of reading talents 
sarm to require at least two factors — verbal decoding; and t^eneral name 
retrieval from inacuve memoty 

Theie are taslts other than vocahzation latency that can be used to isdex 
decoding;. Thret.* that have been used in my research are \anie-ditTereiit 
jud};nients on simnltaneouslv ptesented words (1 logaboam ^ l\rfetti. 
r>7H). saine-differciit tudj;iiicn»s on w .essively spoken and visually pre- 
sented w ords (IVrfetti. 1 logjlxMiii. A Uell. reported in IVrfetti A Lesj;old. 
197M. pp. 141'1H3), and lexual decisions (unpnblishcxJ. summarized m Kt- 
fctti. Note 1). AH of theu* tasks are performed w ithcmt the subject prt>duc- 

the word and the first two tend to producv .aller abdity dtfTerences 
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chan casks requiring word vocaKziUrm. For example, llo^aboam and IVr- 
fcttt (1978, Expcrimcnc 2) presctice<t sitbjeccs with word pairs tor 
same-^difTereiu judgmcncs. Alchongh high-ability readers pcrtbrme'd chcsc 
judgments more quickly chan low-abilicy readers, chc (difference was noc 
signiHcam (in contrast to vocalization laceneics of chc same subjects). In a 
cask in whieh a word is spoken and chcn immediaccly followed by a princed 
word for a same^differenc judgment, a similar unreliable differcnee was 
observed (sec Perfectc & Lcsgold, 1979, pp. |41-l*t.^) Lcsgoki and Cunis 
(19HI, pp. 329-364)) also found performance on this cask co be somewhac 
less celaced to ccading abilicy chan is vocalizacion laceney. These cask dif- 
fcrciKe's can be related co chc ob^ervjcioii concerning retrieval and accivatioii 
above. When a pnnccd word is preceded by its oral equivalenc, chete is an 
activacion of che word's memory locjirion. Upon seeing che word, retrieval 
demands are minimal^ A relaced (buc more complex) argumenc can be 
made for simulcaneous word-wordjudgmencs. Sueh au ^ccounc rnighr help 
explain why lexical deeisions for words dtt reliably related co abilicy (e g., 
PertWcL Note 1). Alchough naming is not involved, nctcher is pnor activa- 
tion of tSe word. 

So far* all chc tasks have involved a response co i single word. Thus, the 
decoding and rerneval processet^ are inferable as pare of a single*response 
lacency chac includes ocher componencs. The reaaion-cime mechodology of 
mulciple stimulus arrays (Stembrri;, 1969) provides ^ separacionof che reac* 
cion cinie mco processes (and error measurement) *hac accompany eaeh cnal 
(incercept componencs) and processes that are uniquely associaccd wirh pro* 
cessing rate (slope componenCf). If u'ord-decoding race is a encical abilicy 
difference, ic should W reflecccd in slope paraniecers of hnear fu^crions chac 
relace reaccion cime co dispLy size (e.g., number of words). There are cwo 
casks of inceresc. A visual word*scan cask provides informacion concerning 
word d#.Toding races. A memory sean cask (Sternberg, I9f>6) provides info, - 
macion conc^*rning races for scanning i*: *'.nory for verbally stored icems. 

Viiuat S€aH Two expenmencs by Perfetci and Bell (Perfecci, Noce 1) 
provide relevanc daca iixcause chey involved ^ p<>puUcion cocally eomparabk 
CO che one sanipL^d in che scudics ciC(.*d above. Because the scudy is ^n* 
published, a brief di^scrtp cion ts in order: Twency-four chird-grade subjects 
formed groups of high-abilicy and tow-ability readers based on the reading 
subcesc of rhe Mctropolican Achievemcnc Tesc. wicS che high*group mean 
in che sevency-^scventh percentik and che low-group mean in the ninctccnch 
pcrcencile. Tu'o subgroups of eighc each providc*d an fQ niacch, based on 

't)y ibis i^coum. t^reiicf ibilitv diiUYfrnrfS mtghi U: eKpmrd tor ^ "dinfe^t'* word 
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scioiid-^rjJc sworc\ lii tlKpi tinKiit L \uh|*c't^ pjrru ipjtcd m three visujI 
Hiuh tjsks: wi^ds, |>M:uA'\vorii?i. iiid citc^^ry insuiw^''^ hi b.vpt runcnt 
2. subjt (ii ^ jrch tor ' oii\onj»n! bi^rjins. hi :hc \vord-stMrch u^k ot' tvp^n- 
nirnt j tjt^a word wjs pu^ciiud t^llowrd bv j vi^ujI disph\ .ontJiPiiii: 
onc\, xUuw tivc. or scvt-^ word\ which conrjiiKd the ur^vx on hjJt the 
tnih. IV word tir^;a rciiuiiKd toiistjnt (or i blmk i>t n^ht truh. 111 order 
to nDnimizc incodm^ ind iiunii>ry d^nunds ofihc tir^a st]miilu\ (Forth*: 
othct two tisks. ihc procedure wis the siiiic j The ditJ ofiiiieriM jn the 
funcmiis rcUtirij; scireh nmc to displiv siic pjrtieulirly \vhether dit- 
fcTcnces irc to be found in intercept, both. t*r ncnher 

For word Mjrch. there were M^nitioiit ditUreiiee^ between hi^h- Jiid 
low-ibility rejderti in both ]|l1era pt^ jnd \topc).. The^u.^ ditJ ire \howt] in 
Figutt* 1 for ihe sub(:roup\ nuiched on IQ For poMtnv truU (tjr^et pre- 
sent), the intercepts were equji. Thiti is consistent with the aatt^atuvt hy- 
pothesis describci! jbove: There ire luniiiiKl dcToditi^ dtnereiue\ the 
prcsentitioii 0*1 tirjjet cin prune the word ibout to b*.* \cen TUt\ efteet is 
miximiim when displiy sue is t iiid 11 is the :irj»et However, there 1^ ji> 
increasiit^ ibiluy ditTerence js the \et sire incrcisett to 7. thi\ ^ rettected in 1 
smill^but ^i^niricint — slope diOerciuv ot ibout iniIli\eeoiid\ When 
the iirj;c*t WIS ibseiit (ri^ht pine) of Fi^^ure 1), thi.^ sirujtioii nii^ht be 
slighiiy different. Even it set size K high^ability rejJets were tisier. il- 
thouj;h this wis not reflected in diftctcni intercepts, ind low-jbihty rejdcts 
were e^kpcciiUy slow 11 the lirgest set size, Af^iin^ there svis 1 si^niruiin 
slope dif" xcnce Thus, whether one considers strictly the dita (j M^mficJiit 
set sue X ibihty intenction) or the best tit strii^ht lines, the coiieliisioii i\ 
thit fot this i^niple. low-ibility teidcrs hive 1 slow ratt- of wotd decoding, 
not just 1 slower composite of the proci^siii^ fjrtors thit ite present in iiiy 
tnil. The rite pirin>ctct in this cjsc rjn be interpreted J^ the tinic to 
idcijtify 1 word 111 the di\pliy Jiid contpjre it with the tjr^et word 111 
memory 

There is it leist one study thJt did not find sU>pe diffcfeine\ between 
hi^h- Did low-ability tejdcrs Kitz jnd wicklond (P/Zl) hjd subject\ scirch 
either j two- or three-wotd dlspIiy fot ;i word tjrjjet, I here were iiuiii 
efTectsof ibdity (intercept dttVeniices) but no intcraau>ii of jbility with \cf 
sile (slopt* differences) It ;» po\sible thjt popuLitioii diHereiict^ ire respon- 
sible for the differences ^Kitz and Wuklunu's subjects were two yeirs 
cidet) F^iowevcr it is ilso possibk^ thit Ur^er displiy sties jre iiere\\jry 111 
order to Jeteet sJopc^ ditference\ For CKjnipIe. it t\ elejr tVoin the nej^Jtis e 
trills ^hown 111 Figure I. thJt slope difTerences woiili] not luve bc*i.n ob- 
served for Ht size one through five; the lint's would hive been pjrjilel It is 
coneeivjble thit with ^ br^e set siZe. \oine ks^ ible rejder\ chjii^e their 
scjiinint^ strjtc^ics ind t^ rjtc ^!ilVereiue iiu hides \i)nie jdditioiul vjniiiee 
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FIGURE 1. Word surch and itmwttc category <]aU for sLAlcd an<] l«« sktfkd chir<l 

grade* (A) Targrt-prcscnc word search data. • •Skilled (RT = 24+ 31 SJ O— O 

Ltt* skilled (RT - .23 + 41 S) (B) Target-absent word search dita. • • St'lled (RT 

* 3tt + 40 S).O--0Lesi Skilled {ftT« 36 58S) fC) Targct-p.csem ^rmanciccacego- 

rydata # • Skilled (tlT = 71 + S) O—O Lcs* skilled (tlT « 1.8 + ;8 S). (D) 

Target-ab*enc semantic category data O # Skilled (RT - 7H ^ .33 S) O O LcM 

skilled (tlT « 3 t + 37 S) l>aCa po:nK are mran* of subject medians 
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possibly due tu rcM.Miinnit;. On the other lund. the positive truls (hij^ure I) 
do not show this possibihty. but 'ither seem to relleet a emi^t.iiit slojk* 
effect. Neverthek^»>. it is easy to iina^tiie that had tlie data shown lu Fij;ure 
1 been rejitrRted to sets of sizes two and three. statistHally parallel hues 
might have hixu ubtained. It is dittiailt to hi: eonlidait about linear lime- 
tions based on twu points. In any ease, iueh eomp,irison> fH>mt to the 
dit^lculty ot* nuking individual difference eonipamoiiK across proeediiro 
and subject samples that differ even shi;htK\ 

Memory Scan In visual scan, rate (slop^^) difference^* include twu cle- 
mentaty eumponents: decoding and memory comparison. Thvis. a rate dif- 
ference could me^n that readmg ability is a>sO(.'iated with either or both of 
these elementary components. Uy contrast*, m backward memory search 
the main component of the scan rate seems to be the rate of mental compari- 
son. The subject is presented first with a list of items h^: stored in 
memory followed by a probe item. The measure is the time to decide that 
the probe item is or is nut m the memory set and the key variable is the si/e 
of the memory set; that is* the numlx^r of items presented to the subject. 
Differences in slope are taken to be differences in the rate of item compari- 
son in memory. This tisk has been used as an individual-difference measure 
among collegv students (Chiang ^ Atkinson. 1^76; Hunt. Frost, & Lun- 
neborgt 1973* pp, 87-122). Data comparing high- and low^ability readers 
of the sort under discussion arc scarce. However. Keating and Bobbitt 
(1978) compared 9-, 13-, and 17-year-olds on a Jigit-memury search task. 
The ability measure wis not reading, but performance on the nonverbal 
Raven*s Matnces. The groups can bt^ characterized as superior and average 
(not below average) in ability, Keating and Bobbitt found significant inter- 
cept and slope differences between superior and average sub)ects* although 
only intercept values were related to age. The %year-old group, which is 
most comparable to the samples in the reading-ability studies, showed a 
clear siope difference of about 6<) milliseconds. The 17-year-old group did 
not show a clear slope difference. 

Kaih Chi, Ingram, and Danner (1977) and Kail and Marshall (1978) have 
reported results of memory-scan experiments more relevant to the subjects 
under consideration. However* their tasks tapped complex verbal pro- 
cesses* rather than simple verbal processes. Kail and Marshall (1*>78) varied 
set size by having third- and fourth-grade subjects read either one* two* or 
three (unrelated) sentences and then answa a yes-no question. While "ycV* 
answers were generally unaffected by set size, latency to answer "nu" ques- 
tions increased as set size increased from one to rhree* especially for low* 
skill reidtrs. Kail and Marshall suggest that skilled and less skilled readers 
differ in their memory search rales. Especially interesting, m light of thv 
present hypothesis concerning retriev;iL n that Kail .ind Marshal) found no 
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ability difference in a situation where the necessary information was already 
aaivatcd. This was a situation (Kail & Marshall. 1978, Experiment 4) in 
whieh subjea response time was measured to verify an answer following a 
statement and queswon. exenipltfled as follows: 

r The man drank the milk. 

2. What did the man dnnk? 

3. Milk/water 

The measure taken was the time to venfy (or falsify) number 3 after the fmi 
two have been read. This suggests, consistent with the activation hypoth* 
csis offered above, that when the niformatton is already aciivaifd, reader 
ability dtfTerences are reduced. In the Kail and Marshall expenment* asking 
the question h^ activated the answer. 

The memory-scan data* considcrtng both Keating and Bobbitt (1978) 
and Katl and Marshall (1978). is inconclusive because the former did not 
compare children of average and below average reading ability and the latter 
used a complex verbal processing task rather than a simple one. This tatter 
difference is nontrivul insofar as memory capacity differences might be 
involved. That is* when subjeas have to search memory for as many as 
three unreUied sentences* there is reason to doubt that the memory load is 
within capacity limits. The sort of memory-scan processes under discussion 
are those that uke place safely within the limits of shon*term memory^ 
Complex verbal processes may or may not lie within the Umits of memory 
capcity* but simple verbal processes must by definition. At this point* 
although there is evidence to suggest simple memory search rate differences 
related to reading ability, there is bttlr reason to Sfippose such differences 
are a matter of simple verbal comparison processes. 

SEMANTIC ACCESS 

A second simple verbal process is obtaining relevant semantic infortna-" 
tion from a single word. If word decoding is a ptt o( semantic access, then it 
IS possible that semantic access differences between high- and low^abiiity 
readers arc accounted for by decoding differences. Evidence from my re- 
search group indicates that semantic access time is a source of ability dif- 
ferences beyond decoding. In the Perfetti and Bell (Note 2) experiments 
referred to previously* one of the tasks required semantic-category deci- 
sions. Subjects were provided with a category name and* for a block of 
eight trials* had to decide whether a given display contained ^ instance of 
the category. The decision larencies arc shown in Figure 1 as a function of 
set size. High*abiltty readers were faster than tow-ability readers at all set 
sizes. 
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Carroll s (Note 3) discii>sioii of data iisini; iIk lUinc-iJontity nitMsiiros i> 
informative. Althoiigh his r^^vtcw of studies measuring; physical and name 
idcnrit/ showed consistuit physical identity difTcrcnc^.^, lianic idcniity pro- 
vided a processing diflTcTcnec beyond phyMeJ identity, when ta>k means for 
abihty groups were eompared. More interesting, perhap^v is C4irr<birs es- 
timation of the Nl-PI eoirelanon ofjaekson and McCldbii<l s (V)7^)) data 
on adult readers {discussed previously). The Nl-Pl difTerenec was estimated 
to correlate .57 with short-passage, efTeetivc reading speed ofjaekson and 
McClelbnd's (1979) subjects and nearly as highly with their verbal and 
quantitative aptitude scores, but nonsignificantly with listening comprehen- 
sion. Ccrramly, reading ability and verbal ability arise from similar verbal 
processes, insofar as rhe retrieval of symbol names (ar least letters) is nnpor- 
tant in both. 

Note that in the lettcr-name-mat^hing task, simple name retrieval is 
Only One component. In fact, in a typical case, there arc at least two name 
retrievals and a comparison process. In reading, it seems important to con- 
sider letter recognition (and decoding) processes as potentially independent 
of name-rctncval processes. The former, perforce, are components of read- 
ing; the latter, as general processes that arc important in verbal tasks other 
than reading, are not. It is interesting that research on adult verbal intcl- 
Hgcncc has so exploited the letter-matching task and not pt<^rc or digit 
naming. The tacit assumption is that the process of interest is access to 
ovcrleamed codes. Reading is the pnnaple means for acquiring overlearned 
codes. College adults who differ in verbal ability may essentially represent 
the upper ranges of reading ability. Indeed, even the low-ability subjects are 
beyond the verbal ability of high-K^.bility ehtldrcn, ar leasr m terms of prac- 
tice at simple verbal processes. 

The question of rate of processing arises again in connection with adult 
verbal ability. Because the Nl-Pl dincrcnee is useful m controlling for 
subject preparedness and response execution^ it is partly analogous t^ a 
name-processing rate measure. Thus* letter-^ean tasks with multiple arrays 
should produce results comparable to Nl-PI m tbc slope relating RT to set 
size. Apparently they do. although the relationship of slope to verbal ability 
IS not striking (Chiang Atkinson* 1976). Similarly* memory-search slopes 
appear to be related to verbal abthty and to visual-scanning slopes (Chiang 
& Atkinson* 1976)., 

What of wotd dceoding* aside from name retrieval ^d letter teeognt- 
tion? The effects reported by Pcrfctti and Hogaboam (1975) for children of 
different reading abilities have been found also for college students dis- 
dnguishcd by vocabulary tests (Butler & Hains, 1979), as well as high' 
school students differing in reading abihty (Frcdcnksen, 1978b). Morcovert 
Butler and Hains (1979) found that word length was a Icets significant factor 
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for high^abihty subjects, in agreement with the results of Hoj»aboam and 
Fcrfctti (1978) for Kading ab.luy. 

In the case of children's reading ability. I suggested that difTcrenccs m 
decoding ability seemed to ^o beyond both letter recognition and name 
retrieval. In the case of adult verbal ability, especially college students, this 
seems less tenable. Although studies using tasks appropriate for all three 
processes seem not to have been done, the studies on letter comparison and 
letter search tmplicaCe letter- and/or namc-rctrieval processes. I>eeoding 
difTercnces. that is, processes of lexical access and Ktncval from pnnt. may 
depend on these. 

Consider semantic access. In the case of children's reading ability, there 
remains some question as to whether or not access to semantic information 
stored with words is accounted for completely by word name access. Gold- 
berg* Schwartz, and Stewart (1977) had college subjects classified as high 
and low verbal make same-different decisions for wotds based on physical 
identity (d^er-dear). or category membership (iim^elk)^ The qucsaon js 
whether ability differences exist in category decisions beyond decoding 
(name identity). The answer from Goldberg et aK (1977) seems to be **no." 
Although ability differences in decoding were larger (563 milliseconds) than 
ph ysical matches (136 milliseconds), category decision differences (360 mil- 
liseconds) were not greater ihan decoding differences^ Hogaboam and Pel- 
legnno (1978) used a category-decision task wherein single words and pic- 
tures were verified according to a prior semantic category. They report no 
correlation between verbal ability (SAT) of college subjects and speed of 
semantic decision. In light of other research showing name-level dif- 
ferences, such null results are di(Tieult to explain. (In fact. Hunt, Davidson, 
& Lansman (Note 6]) report data showing name-level and category-level 
differences among adult subjem.) However, the point is that ability dif- 
ferences are typically found at lower levels of code access (letter, word, 
name retrieval) whereas additional differences in category level are not. 

Rnally. consider working memory. Just as reading ability is associated 
with working-memory capacity, so too is adult verbal ability. For example, 
Huntet al. (1975) compared high- and lovv^-verbal subjects in their ability to 
recall four visually presented letters following digit-sh adowing task that 
intervened between input and recall. Low-abitity subjects uniformly re- 
called less regardless of the number of intervening digits. Memory dif* 
*fercnccs related to verbal ability are found ako in digit-span tasks (Lyon. 
1977). Such results are consistent with those of Daneman and Carpenter 
(1980) for reading ability of adultSr Si^ice coding differences in verba! ability 
are elearly indicated, it is not possible to be sure whether working-memory 
processes represent an additional source of individual differences or whether 
ttiitia) coding difficulty leads to memory loss. 
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Size. Pscujoword targets were one- or two-syllable jnd dtspljy worji. were 
varied accordingly. Agjin, the sjnie target wati searelK\i lor eight consecu- 
tive truls to ctiniinate any memory-rc^r->target problem. The restitts^ skilled 
readers were ^^aster than lc*ss skilled readers, but more iinere%ting their spixA 
advantage w greater for tcvo-syllable than oiie-sylhbte tvorjs »inj greater 
for multiple displays than for stngte-item displays. The syjiable etVea sup- 
ports the assumption that decoding multiple umts (ofsyllaUe size) is extrj 
processing work for the Ic*ss able reader. The set size effect, which can be 
seen in RgU4C 2, suggests a processing raU* difTcrcnce. The slopes for both 
{>ositive and neg;ttivc trials were larger for less able readers. That slope 
diffetenars rather than just intercept Jifferenees were obtaiiKiJ strongly 
suggests th;tt the process ot decoding an orthographicaDy regular letter 
pttern and comparing it with p memory target is a source of reading*ability 
difference* 

In a separ;tte experiment, these subjects performed a consonant bigram 
se;trch task. The consonant bigrams were random (unstrueturcxl) pairings* 
thus allowing an index of processing much more akin to simple visual 
scanning. For example* the target WP was scarchcxl in one five-item dispby 
of MQ, WT, TL, WP*, XP. Although this experiment has a few minor 
design differences from the previously described search tasks (most notably* 
blocks of 32 trials instead of eight) it can offer a useful comparison: Are 
slope differcnees found for this task as well as the pseudoword task^ The 
search functions arc shown in Figure 2. They reveal small intercept and 
slope difTercnces for positive trials, although it is clear that wirh se* size K 
there is no ability difference. For negative trials, presumably the fair test for 
an exhaustive search assumption, there arc also small intercept and slope 
diffcrenees bnt with a better hnear fit* The 7(>-milliseeond slope difference 
(Oi negative trials is only marginally significant. 

To examine whether small abiK 7 differences in bigrani search could 
account for large ability differences in pseudoword searrh, a **decoding** 
score was derived for each subject by subtraaing bigram search time from 
pseudoword search time. This P-B score is analogous to the SD-WD score 
discussed previously, but it does not have the same interpretation because, 
unlike SD and WP, pseudowords and bigrams did not differ in the level of 
decision required. Instead, the dtfferenei' score represents the same decision 
level (identity match) for two different types of letter strings. One short, 
unpronounceable, and unpredictable by orthography ; the other longer, pro- 
nouna'ablc, anj Orthographic ally regular. The results of this analysis were 
rhaC less skilled readers had larger difference scor*^^ than skilled readers, but 
the difference was significantly longer for multiple^item displays than for 
singk^item (set size = I) displays. This is consistent with the following 
interpretation: there are genuine pseudoword proces*ing-rate differences 
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FIGURE 2. S<^rch dm for psciuJoword^ ind bigrams for third-gndc subjcm, (A) 

T^rgft-prt^t pseudoword d^ta, • # Skilled (HT >i 7S + 28 S) O OL»s skilled 

<RT » I 12+ 42 S) (B)T*rgct^bsentpwiidowoidd*u • •Skilled (RT» .52 + .45 

S). O-^-O U«s skilled (HT « 72 + 69 S) (C) Targct-pnrsctit bigram d^u. • • 

Skilled (RT » 56 + ,19 S) O 0 U*s *k»lled (RT ^ 79 + 22 S), (D) T*fgct-*b«m 

bigNmdiU • • Skilled (RT = ,56 + .28 S)0— Olftsjkillcd (RT - 92+ ,35 S), 
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that do not scent to be accounted for by j^nitplc cneoijnii; ot eoiistitULHi 
Icttct. . Oecodablc Jotter stnnj*s show tlic jbihly dilVereme im)st elearly ami 
this difference is seen in rate of ptocessing (^Eopi.) both directly jik) in J 
difference n)ea!;nre that takes consonaiU bit;rt]ni sejreh tune into aaoinit. 

A related ktter-rccognition ability may be the hh" of smjl posiiuiii 
struaure. Mason (1^75) found that highobility readets were better than 
low-ability readers at taking advantage of the positional praiictability of a 
letter. For example, in a six-letter word. F is more likely to occur in Posi- 
tion 1 aiid less likely to occur in Position 5, whereas the reveri<* is t'^e for 
N. However, when Mas!;aro. Venczky. and Taylor (1979) replicated these 
search expenmcnts controlling for orthographic regularity, they found that 
letter position was a relatively minor abthty factor. 

In some rdatcd experiments by Perfetti and Bell (Note 2). subjects 
performed either forward search ^target first, then display) or backward 
search for target letters^ Although high-^bitity readers showed a general 
speed advantage in forward scareh. the advantage was unrelated either to 
letter position or orthographie structure. In agreement with Massaro et al. 
(1979), they found search time to be mainly a funaion of visual-^eature 
overlap between target and display. In backward sc*arch (display first, then 
target). Perfcttj and Bell (Note 2) found that th^ orthographic regularity of 
the string did influence search accuracy and that its effect was greater for 
skilled readers. Letter position predictability had only a slight efTect. Over- 
all the studies of Mason (1975). Massaro et al. (1979). and IVrfetti and BcU 
(Note 2) suggest that orthographic struaure may provide a significant abil- 
ity factor for tasks of letter seareh. This effect is independent of a smaller 
and less reliable effect of position information^ 

The souree of word-decking superiority may be traced to letter-'pattern 
recognition^ that is. knowledge and use of Lnter^cOncurrence constraints^ 
This, in turn, may reflect the ability to rapidly activate reliable phomtie 
codes associated In memory with these units. In a modification of the ex- 
periments of Perfetti and Bell (Note 2), encoding time for the letter string 
and the memory interval between the letter string and the probe letter were 
varied independently. An important result was that when low-ability read- 
ers were given more encoding time (1.5 seconds) they performed compra- 
bly to high-ability readers given less encoding time (.33 second's) and they 
took advantage of orthographic structure Low-ability readers with less 
enccxling time did not take advantage of srrueture. Moreover, rcgardlr of 
encoding time, tow*ability readers were more affected by an increased 
memory intetval between setter string and probe (4 seconds compared with 
.5 second). Low-ability readers appear vulnerable to a decoding problem 
that can show itself when ather encoding or memory demands are present. 

The exact source of .^bihry difTerenas in recognition and decoding of 
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multilcttcr pacccms remains m need of further researeh. Th< c seems to be 
little reason to sup(H>sc chac these ability difTea^nees are traceable to initial 
stages of visual proccssin^i; (sec Vellutinoi t*>79; and experiments by Mason 
^ Katz> 1976)> The ability to recognize individual letters in isobtion is 
probably not sufiiaent to :iceount for decoding difTcTL^neesi although chis 
conclusion is les^s clear More research that allows separation of processing* 
rate factors from other responsC'hnie factors would be helpful> For nowi 
che Perfetti and Bell data (Figure 2) suggest chat rate difrcrcnccs in letter 
scanning may not arcount for rate difrerenees in decoding. 

OlFFEItENCfiS AMC^O OlDER ft&AD&RS 

It IS not necessarily che case that individual calencs in reading are ac- 
rnbutablc to che same faccors among older readers as younger ones. Chil* 
dren in che second through sixch grade have recently completed formal 
readuig instruction. Adolescents ^nd adults may have mastered che sort of 
simple processes chac are implicated in abilicy differences among young 
readers. Indeed^ since adulc studies typically involve college students^ we 
may expect individuab who represent below average or less skilled fourtb- 
graders to be seleaed out of che simple. For such ^ groups so apparendy 
difTcrcnCi che quescron of whecher simple verbal processes can accounc for 
general difTercnces in verbal comprehension is especially inccrescing. 

COLLCCC STUDENTS 

Jackson and McClelland (1979) earned ouc a series of expcrimencs wich 
college undergraduaces as subjeecs. Reading ability was defined by t>crfor* 
mance on passages designed espcaally for che research. Subjeas' reading 
cimes for che passages and the accuracy of cheir answers to short-^answer 
comprehenston i)uc5tions were both takrn into account in deriving a mea- 
sure of ^'effective reading speed," che arithmetic product of reading speed 
and comprehension. In addition, there was ^ listening comprehension test 
based on the same paragraphs and verbal and quantitative college aptitude 
scores. Laboratory tasks tapping several processes were given to high- and 
tow-ability subjects-. Unbke early research by Jackson and McClelland 
(1975), which contrasted superior individuak with average ones, che sample 
of chis study could be characceiized as high and low reading ability> rehtiue 
CO college freshmen and sophomores in che popubtion. High-abilicy readers 
were in the top quartiie of cfTccave reading speed and lowability readers 
in che bottom quartiie. 

One importjnc resulc is that reading abilicy was not relaced to pcrfor* 
mance on simple letter idcntiBcationt measured either by single letrcr report 
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ihrc'sholds or double Icncr ("IcUa scpjrjiion") rvpt>rt jccur^cv ! Uk Result, 
a^rccinu; with Jjcksoii Jiid McC^lclljiid (V)7f>) clorly indicjto tkir sinipk 
single Krrcr rcxo|:intion is nor a pniiury jbiliiv fjctor tor tt.'Hrt*c rcjdcrs 

Whai jlx>ut ^^implc dcct>d]n^ proa^M.'s? One sa of Usks nivoKvd 
sanic-ditVcruit dccxsn>ii> K>r ^nii(;lc Icucts, synonyms, jiid hoinonyiiK. jik; 
nonkttcr paiUTns (tw<>*iiai] ^cqiiaiccs of plus Jiid sqMjrcO. Ability dih 
fcrchccs were U>ui>d m jl) tasks, even the Ostemibly nonlin^uistic patieni 
matehing task atid the simple leirer^iiiatehini; tasks. Thus, j^ekson Jiid 
MeClelland s subjects eaniior W t'haraetenzed as ditVerm^ only in 

decoding abihty, msoUr as the maiehiii^ pjradi|^ni concvrtic^ 

A multiple display task, similar to the one previously dc^Senbcd. '^as 
also used by Jackson and MeClelland {W7'>), Targets and display^^ were 
single letters and size was two, four, or six k:icrs. Ability diftcrcnecs 
were found only in intereept and not in slope. Thus, high-abiltty college 
readers ean be eharacterized as differing from low-abilUy college readers in 
some component tndcpendeni of display size, for exampl'^-. response speed, 
display oHcniaiion. but not rate of letter processing per se. 

One other task ofjaekson and MeClelhnd (IW) wasan auditory mem* 
ory-span task. Similar to a standard digii-span task, ii required subjects 10 
reeall— in order — a siring of audiiorially presmed kttm followmg a I- 
seiond interval Fist readers ree^ilk^J Mgnifieanily more than slow readers. 

Taking all tasks inro account, Jackson and MeClelland (V)'^^) rc^rt 
correlations that support the following conclusions. List<*nin(; eoni|>rchen 
j^ion (measured on the same paragraphs) is the strongest correlate of readitig 
speed. Controlling for listening comprehc^nsion, a significant correlation 
remains between matching performance and reading ^peed. The task tha* 
eontnbutes most to this correlation is ''letter match.*' The contr tution of 
this faaor is interpreted as a name retrieval factor since all patterns in the 
matching task were nameable and performance did nor correlate wirh the 
letter-threshold tasks. The importance of the naming cjn^ponent was sup- 
ported by a second exj>criment that shewed no abtjtty ditferenee in match- 
ing dot patterns. In an additional experiment with this population. Jackson 
(19W)) found that high- and low^ability teaders did not differ in time to 
match nonsense figures but did differ when the matches wctc basc^ on 
names arbitrarily associated with the figures. Such results strongly support 
the assumption that adult ability differences do not he m immediate percep- 
tual processes that occur prior to contact with names in memory. 

laekson and McClelland (1979) concluded, on the basis of a multiple 
regression analysis of their data, that thrcv ability difTerenecs were tapped 
by their tasks. The most important correlate of reading ability was listenmg 
comprehension. A second major component wa^^ access to letter cedes fi^om 
print, tapped mainly by the letter-matching task. Although the^e were 
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significatit completions between ability and tasks ot httmophono matching 
(Expcnniait I) and pscudohomophono inatdtm^: (txponmcnt w) that 
might be* taken to rctVct decoding ability, j4ckson and Mc<^lolland (1079) 
did not suggest a separate decoding factor. Rather, the letter accctt*; factor 
eould jccount for all tlw correlation between ability and pseu do horn op hone 
matching ttmes. 

Jackson's (I^MO) expcTimotts, at least m part, point to a similar conclu- 
sion. There are two major ability factors, a general language faaor and a 
gvneral visual-aceess factor The visual access factor is general rathet than 
alphabetic because Jackson (1980) found that reading ability was related to 
th^p* spcvd of nutt lnng ejregones ot drjwnigs of objects as well as to letter 
name match. Thus, tikui \ogcther che Jackson and McC!lelland and 
Jackson (1980) experiments suggest that a major ability ditTerence lies in the 
speed of access to a name- refer encc*d memory location. The ability does not 
depend on alphit>ct?c inputs but it docs depend on memory access, as op- 
posed to simple perception. Thus, in the terms of the framework offered m 
this chapter, decoding is not, but name retrieval (access) is, a major aoility 
factor. Letter recognition ts not a factor independent of name accc*ss. A 
gvneral language-ability factor (reflected m language comprehension) is m- 
dependvnt of this nanie-accc^s faaor. 

Part of this picture is consistent with the results for elementary school 
readers, but some suggest different ibility factors in oldcT readers. The 
identification of a general language fiaor is consistent. Among children, 
reading ability is highly associarvd with memory for spokm language (Per- 
fetti & Goldman, 1976) as well as memory for written language (Goldman^ 
Hogaboam, Belt Perfetti* M>8()). Furthermore, Bergerand l*erfettt(|V77) 
found thjt differences between high* and low*ability sixth*grade readers 
both m the recall of a text and in the answers to comprehension tests were as 
large when subjects k^ard the text as when they read it. Curtis (1980), in ^ 
thorough mujttplc-task experiment* found that listening comprchcnston 
contnbuted unique variance to reading ability measures; further* for older 
readers (fifth grade), the contribution of listening comprehension was great- 
er than for younger readers (second grade). Correspondingly, decoding 
factors accounted for I^s^ t^nique variance among older readers, although 
there remained large ability group diffeiences. There is fairly clear evidence 
that reading ability depends on language ability in a general way. This 
relationship is seen strongly among young readers and adults* at least for 
readers beyond the sexrond grade. 

However, there appeals ro be an ability faaor that ts not continuous 
across this age range. Jackson and McClelland (197V; Jackson, !98<)) con- 
clude that ability Jifferaices in decoding can be accounted for by differences 
jn visual name access By contrast, studies in my laboratory suggest abrttty 



ERIC 



23 



iNi^tVlhUAt hlfMK(N< ' ^ IN ^'1 llltAI l>KiU iSMS 



85 



diffcrc^nccs in decoding cskc Jiki arc noc rctiuciblc cu mure clmciiurc 
proct*s*cs. Ic IS poif^tblc. ot'aiursc. chjc cIkh* ditVcrait mKiiiMoiis rctlcvc 
gctitiinc agc-fc"|jccd difton mx^. Adulc mdcrs arc noc children Jiid. in the 
cotWjTC [Kipiibcion. hacc probably Kcii fleeced fn»tii chc jcvra^c Jiid jK>cv 
acm^c ck-imnurc whuol pt^puhcioii. I lowvccr, die Jtrattntt of i\ur vhih 
drcn^adulc ditVcrcna^ d(K^ noc aKoura^c chin <<H](.liis<on. crolk;x^-j);o 
readers ^how dltVcre'riccs at the runK^rccncval IcccU J im>rc tuiidainaiul 
process chan decoding. It' chc devclapmcnc of higher k oet abilicics build on 
tower Ci'cd ahlicics, nughc cxpi-cc ditTcrcncc^ co become mgligibk- jc 
tower levels and ncticeabk' ac higher levels. In ochcr wordv ue nughc 
expvec tdccr rtvognicion ur iijmc recriecal co K' a more impiirtjnc fjccor tor 
younger readers chan tur adult read<.'rs. Inscead. cEic daca hviii C4> say che 
opposite IVcoding difFcrc^nccs do hoc depend on ktccr recognition or luuic 
retrieval for young read.Ts as chey do for adulcs. 

tc 1^ quice possible chac abilicc faccars for children and ^dulcs are noc 
differcnc. The casks u«:d be Jackson and McCk lland (l"-)!*)) did not ineludt^ 
naming usks. whereas th<se were che basis of che IVrfcctt ci al- (tVTH) 
conelusion chac naming cime independcnc of atphabetie inpuc was not che 
only faetor. Similarly, Jackson and McClelland (IW) concluded chac leccer^ 
processing rate was not ability faaor: however, they did hoc cesc uincs 
larger chan tetters in mukiunic displays. Thus* che conelmion chac race of 
p.oecssing differenec* oceur ac orthographic paccem kvels may prove valid 
for adults as well as for ehildrcn^ tn chac lighc, u is possible chac adulc readers 
(and chiklrcti) differ in a number of components chac would b<. reHcacd m 
interccpc values quice indepcndenc of material. The fact chat Jackson (1V8<)) 
found difTerenecs in RT co line drawings and ktcers in single displays is 
consisccnc wich chis. Ic would be inceresting co see whcchcr race (slope) 
difTcicnccs in objea eaccgortzacion were found. Wichouc eomparable casks, 
ic is diflicutc CO eompare research on younger and older re;«dc-rs. 

HlCiH-S<:iK><lf HEADERS 

Inccrmcdiatc in age co chc cwo groups und<r discussion arc chc high- 
school subjcas of Fredcnkscn (W7Ha, pp. 153-169; 197Hb; 1981, pp. 
361-386). Frcdcrikscn's sample of 20 high*schoot scudcnts was divided inco 
four quartilc groups, based on their Nclson-1>enny reading tvsc scores. 
Alchough chc sample si2c per group (S = 5) may seem rather small, ;hcrc 
are soirtc inccrcscing rcsulcs for abilicy differences^ Fredcnkscn (1978a, 
1978b) found chac higher jhlicy ceaders had fascer Icccer-sean races chan 
lower abilicy readers. The cask was noc comparable co cichcr chc hgram 
search cask of Perfetci and Bdl (Pcrfetci, Note 1) or co the letter -search cask 
of Jackson and McOclland (I97^>). Instead, sk^pc values were inferred from 
chc senal posicion occupied by cwd adjacent leccers wichin a briefly prc*$enc- 
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cd four-lcttcr amy, Simuluncous masking of the other two letter positions 
CfubW this compamcm. Thus rate diflcrcnccs arc the slopes of the function 
rctattng tetter identifieatifm btaicy to position withm a four*letter display^ 
h ts not cw^^i whether such slope dincrcnces represent )ener*scan rate dif- 
ferences or timitarions on memory readout imposed by the task. The latter 
possibiliry arises because subjects had to report what they saw from a btief 
exposure. Accuracy results* which arc not reported* are necessary in riiis 
respca. More straightforward is the finding that high- and low-abiltry 
reirfcrs difTertd in vocalizanon latency to words and pscudowords. In* 
tercstingly. the word difTerenccs arc mainly due to the lowest group con- 
trastcU with the others whereas pscudoword bteneics appear to distinguish 
among iJ] groups* 

In Frcderikscn (t978b). the data from dicse same 2i> subjects are eorre* 
bted with mdivtdual rcading scores and interpreted within a structural 
model that assumes five component skith. On the basis of the MnictunI 
model analysis, Frcderikscn concludes that multiple-letter cicoding is a 
m^or prediaor of general reading ability / This refers to slope diflercnces 
On the bigram scan task (described above) plus difference i* name level. 
same-OifTerent Icner judgments (Aa versus Ad)* and facihtation due to 
bigram probabiht^ in the bigram scan task. This faaor is one which 
reflects the abihty tc encode letter strings without facilitation of one sort 
{lctTer*scquence redundancy) or another (Ictter^ategory facilitation)^ 

Whether there are differences between this ^atysis of high-school abil- 
ity and cither the college-level ability Qaekson ^ McClelbn<£. !'>7'>) or the 
etcmemary-Ievel abihty is again probtcmane^-partly a question of the par- 
ticubr tasks used and the choice of models to test the intenask eorrebtions, 
Frcderikscn s analysts docs not allow ^ general name-rctneval (access) factor 
nor a general language factor, and Jackson and McCtelbnd (i979) do not 
allow a multiple tcttcr-eneodmg facior. Still, it is possible to attempt a 
tenutive charaeterizanon of reading ability across the three age levels, based 
on the wwrk discussed ^long with some infernng. 

In the elementary-school years, general reading ability has ^ strong 
decoding cumponent that is a result 01 processing ctlictcncy for alphabetic 
matenak. This ofliciency includes a general njmc-jccess-and-retrteval eum- 
ponent. such that digits, pictures, and other nonalphabetic stimuli may 
produce dtfTcrencc^ in processing time. However, such difTcTcnees arc 
smaller and less reliable than alphabetic mpui diOVrences, Whereas some 

*A i^fofui major Cicior 11 rcfcrrnj lo n "AvUon'^nKUy ol' ^rticiilaiHifi," ^tcniully (he 
JuMiuitt ill for ps1^ttJ4mofilt hiMiTj; cKU^'finHV^MMt* rv^udonK'n** (<itbor 

svU^ble» tmtcid of one of i QompU-% Sov^'cl «pd]ki|{ imtcaiiof 4 tmipkoiid At ^i^h most of 
FtcdcrilifCti*t (tic^ftUf-^-^, ihcic mc^fturc^ dcpciid on di^crct^cc %t\>f^ It not rW^r wH';;hef ^ 




ERIC 



tNlllVII>UAt hlf^F^N^ IX IN VlHHAi PHiXfSxlx 



K7 



k)w*abt)tty childtai have name- rot m^val pmSlcmv. there 4K nuns- uithom 
such probkms who notwthdcss arc lev. ciVuicnt prix c^sor^^ ot pnmod Im- 
gumic inputs. 'TIS taaor seems to be uxotc than single letter enanlm^ m%l 
tfidudcs genuine rate ditTcrc^ees tor iiiuttuiiut pmnouneeable pseudt>' 
words. These ^aon continue to be* important thrinigh high >ih<M>I jnd 
with adult reader. 

For college adults, the pop<;]atton changvv. hcnet, the range of aoihtic^w 
on the casks tn question changes. Those* whose ^ttiy or ft^m prohv-in nt 
elementary sehool was decoding ate etther not m the college populattoti or 
thcy^ have mastered deeod*ng-re)ated procc^m tu an extent that the hmittng 
pcrformanoc factor lies elsewhere: that t^. tn n^rtie*<ode retrieval. it> a sense, 
their reading a^ltty matches thetr general intdleaual ability ^nd wtthin the 
btter^ there is a fairl y narrow range— above average tu superior. Along the 
way, htgh-sehooMevel Jtbilicy rcfleets both higher levels of itkill than ele- 
ment;kry-school-age abtlity and less seleaivity than college-level ability, 
l^e'-odtng faaors remain cntieal but they mdudc more of th<* processing 
faaors astoaated with simple processing rates and less (perhaps) with use oi* 
linguistic structure. At all levels, general language ability is a major hmmng 
fa<:or. 

Tius, by tbts account, reading abtltty dtflfercnccs at the lower levels of 
skill are accounted for by smiple verbal processes, tneluding decoding and. 
apparently, semantic aceess. At htgher levels, these factors remain only as 
they arc associated with generalized processes that are perhaps less suscepti-^ 
ble to training. It may be worth adding to this eonjecture the apparent fact 
that at extremely low ability levels the generalized naming process is also 
seen independent of decoding (DenckU 6c Rudel, IV7i>). Thus decoding, 
o\*er and above name rerricvaK is not a critical ability faaor for tndividuals 
whose general name retrieval ability is extremely low nor for indnnc^uals 
whose decoding attd name retneval abilities are very high.^ 



RCAIHNG ABUrrV AND M£MOBV 

I have referred to the processes under discussion as "simple verbal pri>- 
ccsses,'' although cr^coding multiple It'tter displays may or may nut come 
under this category, depending on thi*ore'tieal prefci .'nces as well as task and 
individual skill factors. The complex verbal proccsM.^ are thou' >n which (1) 
repeated access to a nime m permanent memory required; and (2) more 
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than One name must be retained An ability difference in memory capaaty is 
a good candidate for producing ability differences in reading. 

Perfetti and Lcsgold (1979* pp- 141-183) argued that an aaive verbal 
short-term memory is an ability factor m reading* whereas the storage 
capacity of a general short^-tcrm memory is not. Thus Perfetti and Goldman 
(1976) found that probcnJigit performance* a paradigm short-term memory 
capacity measure (Waugh & Norman. 1965) did not distinguish high- and 
low^ability readers m the third and fifth grade who were comparable in IQ, 
However* they were distinguished by an analogous test of probc-discoursc 
memory. In both tasks* output demands are minimal* the subject producing 
only the element following the probe* spoken digits in one case and words 
from spoken texts in the other. The critical difference may be the memory 
demands added by ongoing bnguagc processing. The latter would seem co 
test the operation of an aaive working memory (Baddeley & Hitch* 1974, 
pp. 47-89: Newell & Simon* 1972), and this is probably the memory func- 
tion critical to reading ability, Perfetti and Lcsgold (1979) also suggested 
that coding and storage processes would compete for functional working 
memory and for low-ability readers* for whom coding is less facile* func* 
tional working memory differences would become sjgnificanr 

This genera) hypothesis has been given dramatic support by Daneman 
and Carpenter (1980), They tesred adult subjects' working memory. The 
key tesr was to recall final words from sentences read aloud by subjects, A 
memory*span measure was derived which was analogous to digit-span 
measures; namely, the number of sentences read before ordered memory 
for the final word from each fell below criterion. This working memory- 
span measure correlated highly with comprehension accuracy on sort pas- 
sages and with verbal SAT scores. Especially interesting was its correlation 
(r = ,90) with performance on a pronoun reference test which varied the 
text distance between ^ referent and its later pronominal menrion, Grearer 
disrance implies grearer text demands on working memory, and correct 
pronoun idencificatton did decrease as a function of text distance* exrepr for 
readers with the highest working memory spans. A span measure involving 
word lists* rather than sentences produced smaller correlations* not signifi- 
cant* with comprehension measures. In a second experiment* Daneman and 
Carpenter (198f)) found that their sentence -span nlcasure correlated signifi- 
cantly with listening comprehension, although not <lulte^as much as wirh 
reading comprehension, tnteresringly* it did not matter whether the span 
test Itself was wrirten or aural. Given the difference between sentence- 
measured span and list-measured span* the degree to which working mem- 
ory IS aaively taxed by processing demands seems important. The func- 
tional processing resources seem to be the limiting facror and they seem ro 
be general factors, not pnnt*spccific ones. 
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These arc adult data but they arc quite consistctu with ability dttTcrcnas 
among children (Kail & ^4atshalK V)7H: Pcifmi & Goldman. 1^)7^). Work- 
ing memory seems to be a limiting factor in complex verbal processes 
legardlcss of ago. It see^ns unlikely* however* that a workui^ memory 
faaor is independent of the simple verbal processes discussed previously. 
More likely* there is a tradcK>(f between speed of processing and memory 
ability (Lcsgold & Perfettt* 1978), The modification of the backward letter- 
search experiment described previously (Ferfetti Be BclK Note 2) demon* 
stratcd this tradeoff. Low-skill subjeas given more encoding time per- 
formed as accurately on backward letter search as skilled readers with less 
encoding time. However* with a slightly longer (4 second) memory interval 
their processing difficulties were reflected in longer decision times,. Skilled 
readers were unaffected by this increase in memory interval. Thus* encod- 
ing and memory factors borh work against low-^kill readers in such a 
situation. 

Given an interest in simplifying explanations and results (such as those 
just described)* a question arises as to whether our ability theones should 
handicap the low*ability reader with both working memory and decoding 
problems. Is there a single meehanisni to aceount for both? The problem is 
that lettcr-reeognition and word-recognition measures are clearly simple 
verbal processes that requite* tn most cases* a single access event to a name 
in memory. It is quite reasonable to say that in (,umptex reading tasks the 
eoding and memory requirements interact to produee ineffective verbal 
processing (ef, Perfetti& Lesgold* 1977* pp. 141-183), But this account can 
do little to explain memory-access d.fferenees of single decoding tasks, |f 
there is any hope to discover a single mechanism rather than two, it would 
seem to require expbining memory hmitations bv coding ineffteicney, 
rather than vice versa. There are suggestions in Lcsgold and Perfetti (1978; 
Perfect! & Lcsgold* 1977) along these lines* but a reasonably specific pro- 
posal is still tacking^ 



VERBAL INTELLIGENCE 

A subject whose ability is measured on a reading^com prehension test is in a 
reading-ability experiment. A subject whose ability is measured on a ver- 
bal-abilities test IS in a verbal- abilities experimenr Aside from such matters 
of definition* is being high verbal the same as being a high-lability reader? 
There is no answer to such questions in the absence of research with more 
attention to criteria-referenced abiliiy tests. However* it seems likely tliat 
the verbal abilines important for verbal intelligence are the same as those 
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that arc important for reading. The difTcrcnce* more ottcii* will be one of 
level rather than type of knowledge. The college-^level tests demand higher 
absolute verbal skill levels and are seleetively taken by above-average read- 
ers. With that in mind* what simple verbal proeess'^s are mvolved in pro- 
duang the wide range of general vetbal abihties measured by college-level 
tests, such as the SAT? 

The four simple verbal processes previously consideTcd were letter rcc- 
ognitior '^^codingf semantic access, and name retrieval l^o these vary at 
the adult level as well? Name retrieval for example, is a general perfor- 
mancr-limiting factor that might be expected to have an efTect even after 
letter recognition and decoding. Carroll (Note 3) summarized nammg stud- 
ies (Carroll 1976; Carroll 6c White* 1973)* concluding that picture-scanning 
speed IS a parameter of individual difTcrcnecs. According to Carroll (Note 
3)* these difTerenees in picture-naming were predictable from a set of psy^ 
chometric tests* but mainly from a pictnrc*naming test and not from other 
tests ostensibly more related to verbal ability (e.g.* vocabulary). 

A more typical procedure tor examining name retrieval has been the 
letter-matching task first described by Posner and Mitchell (l%7). The key 
ability question in this task concerns the diRerence between comparisons 
based on physical identities of printed letters (c g,» AA) and tetter-name 
identities (e.g,i^ Aa). Increasing difTerenees between name identity (NI) and 
physical identity (PI) can be taken as a measure of name retrieval without 
name prod uaion. In the studies ofHunt and his colleagues, high- and low- 
verbal college students did not differ m PI match times although they did 
show small differences m NI match times (Hunt et al* 1973* pp. 87-122; 
Hunt et at.* 1975). Hunt (1978)^ m summarizing studies of name matching 
and verbal ability* notes that such studies yteld small but consistent correla- 
tions between verbal ability and the NI-PI difference m letter matching. 

It appears from some of the data summarized in Hunt (197H), that abihty 
differences m letter-name matching decrease with increasing abilities of the 
subjects. Nonuniversity adults show Nl~Pf differences of I lO milliseconds 
(Parkinson* Note 4) compared with 64 milliseconds for University of 
Washington high-verbal students* 19t) milliseconds tor l(>-yeat-old children 
and 3ll^ milliseconds for mildly mentally retarded children (Warren & 
Hunt* Note 6). A {general picture emerging is that wrbal ability* over a 
wide range* is associated with the time to perform a comparison based on 
the name of a letter. Importantly, since it 1:^ ^ difference score this name com- 
parison controls the time to make comparison based on physical identity. Thus* 
whik the compfcrte lack of ability diiFerences in physic?! matches reported bv 
Huntetal (1975) b seldom found (sccCarroll 1976)* the conclusion seems to be 
thatr beyond mental comparisons based on shape identity* verba! abibty dif- 
ferences are associated with speed of letter-name compansons. 
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Fi^urr 1 sho\s^ Hut the tiliictioii rcluiiiL; set mz* to sctiuiitir dcxisuitis 
was quite linear with low vjnaiicc tor hii;h-,il>iluy rcidcrs ,uid iiot-M>-liiicjt 
with large varuticc tor low-abiltty reader?*. I'he Itiic^ tor high abihty ,iiul 
low ability arc rciativcly parallcL iiiiplicatiiiL> tiiEcrccpt ditTcn.na^ and iu>t 
slope diffcrciKCS. However, the poor linear fit Tor !ow-ability readers makes 
any hnear comparison suspect, in order to ndnitnizO any anomalies due to 
nOnhnearity* a companion ot'eategonzation and word search for i>cx size = 
I is uscfiiL Less skilled subjects, on this measure, show a margiiul increase 
in deeision time,. 

An index of semantic processing* beyond decoding, is obtained by sub- 
tracting* for each subject* the word-decisioit (WD) time from tlie seinanne- 
dcasion (SD) time for set size I, SO-WIX SD-WI) can be taken as an 
index of scmantic-processmg time controlled for word-decoding time. The 
mean S1>-WD for low-ability readers was l()5<) milliseconds and the mean 
SD-WI> for high-ability readers was 2(19 milliseconds. Keep in mmd that a 
set size of I Includes general task components as well as rate components of 
decoding and compansOn, Nonetheless, it appears that differena^ bctwa'n 
high- and low-ability readers for single«word companions go beyond sim- 
ple decoding. As set size increased, this S1>-WI> difference is maintained 
for size 3 (93() milliseconds) ind 5 (1()1X> milliseconds) and disappears for size 
7, At the largest set size, both ability groups had essentially zero SD-W1> 
H scores. Thus* semantie-access differenccsi as measured by this differcTice 
between category- and word*level decisions* do scem to exist, between 
some high- and low-ability teaders. Unlike word processing, however, 
they seem to reHea mainly intercept rather than slope components. 

Given these results, one could charaaenze the ability differences in 
semantic access rate as accounted for by word identification. However low- 
ability readers do exhibit addtaonal semantic processing difHeulties in some 
task-specific components reflected m intercept. Such components are usu- 
ally assumed to include orientation and response execution components 
that occur once (regardless of display size). Since these intercept differences 
were so much smaller fot word decisions than semantic decisions* it is 
possible to conjecture that response execution and display onentatioii arc 
not responsible for the semantic-access difference. What component is in 
the incetcept of a semantic decision but not in the intercept of a word 
decision? One possibility is the activation of the relevant semantK-calegory 
links* ot the initiation of a seatch process for semantic attnbutes. Once int* 
tiaccd* there ate no rate differences for semaiinc compansons* but the initial 
activation of the relevant semantic atttibutes is subject to an tnenia that is 
not present when simple decoding (word deasion) is tequired. Of course, 
there are other possibilitiest and the difHculty of drawing solid conclusions 
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on the scmannc-acccs« question is apparent. More data that eliminate the 
uncenainty of intercept interpretations and processing models that enable 
more precise interpretations of semantic access are needed. 

LETTER ANP letter-pattern kECOCNmON 

To the extent that decoding processes are a part of teading-^ability dif* 
fetenccsi the processes by which letters and letter patterns are recognized are 
candidates for individual dtffcrcnccs. The letter^recognttion processes are 
not the simple form and shape perception that have been the subjea of 
dyslexia theories (e.g., Onon* 1925). When the evidence is examined criti- 
cally, such strictly perceptual factors do not seem to be significant ability 
factors as Vellutino (1979) has shown. The ietter-recognition processes that 
make a difTerencc in reading ability presuppose the elementary ability to 
discriminate letter forms aiid the ability to retrieve tetter names; instead^ 
these include the speed and efBciency with which letters can be identified 
and assembled into word-decoding units. By assumption* these units are 
something less than a word (the units* when assembled* add up to a word). 

It IS unwarranted and unnecessary to suppose that these units correspond 
to generalized units such as syllables (Spoehr& Smith* 1973}* or to mor-^ 
phemic boundaries (Taft* 1979). or orthogtaphie patterns (Venezky & Mas- 
saro, 1979* pp. 85-107). However* the assumpttoti that strings of letters 
that are permissible and familiar achieve some status as higher-order units is 
pervasivtf across both perceptually described (Gibson* 1971) and informa^ 
tion^processing theories (e.g.* LaBcrge & Samuels* 1974: Massaro, 1975). It 
IS difficult to descnbe such units without refemng to knowledge of ortho* 
graphic patterns as well as ptocesstng. However* as Glushko (1981* pp. 
61-84) demonstrates, it is necessary only to assume that the reader's memo* 
ry stores the letter patterns of words. Thus orthographic knowledge can be 
inferred rather than stored directly. In any evem* a paniculat **unit** of 
recognition does not have to be seated. The critical processing event con* 
verts a decodable letter stnng into its speech form or performs some other 
task on a letter string that tests the ability to take advantage of the structure 
of the letter pattern, Pseudowords and nonword syllables have such struc- 
ture. The questions of interest include the following: Are there abihty dif- 
ferences in processing pseudowords? Are there ability differences in pro* 
ccssing letter strings that are not pseudowords? Do difTerences in the latter 
account for difTerences in the former? 

We know that reader abihty difTerences in vocalizanon latency are larger 
for pseudowotds than for words (Hogaboam & Perfctti* 1978). However* 
comparisons of pseudowords with nonwords are what is tieeded. In the 
Perfetti and Bell (Perfetti* Note 1) search expcnments described* there wasa 
task in which subjects search for pseudowords in display sets of varying 
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lt> buinm^ry, there is reason to assume tlia; cliiklrm s rcMdini* ability, 
adult verbal ability, and ^djlt reading ability cjii be aceountecl Uir by j 
eomnioii set of simple vc*rbal proeesses. Proeesm of name retru vaK letter 
rceogtmion. word deeodin^. and scmattue aceess have ken exammed be- 
cause thiy arc patently involved m reading. Njiiie retrieval, as a general 
mcchaiiism of locating symbols in memory, is a fundamental processing 
limitation that seems to aeeount for some of aduh verbal proec^sing ability. 
The remaining ^hrce processes, each more spenfie than name rarieval in 
some ^'^y^ ni>y not be critical in adult verbal ability ttcyend their reliance on 
general name^rctrieval processes. However, for ehiEdren with less verbal 
expcrienecv there are spcnfic linguistic proecssc*s still being acquired. At a 
given level of skill for example* third-grade average ability, name-retrieval 
processes may set general processing limitations. However* specifie code 
processes set stronger limits because knowledge and proeesses relevant for 
Itnguisde coding arc still being acquired. By the time an individnal is m 
collcgct especially given the selection factor^ word-speafte skills have 
leaehed a high level and difT^renees in name retrieval are seen. By this 
accounts even Ictter^^reeognitton differences are a matter of namc*retrievai 
differctices. A representation of this account is shown in Figure 3. 

It is consistent with data on children's reading ability and adult verbal 
ability to suggest that decoding speed does not make a constant contribu^ 
tion to differences in verbal processing rate. As Figure 3 illustrates^ the 
contnbution of decoding speed* rWitfrVf to name retnevaK is high for ehil^ 
dren, cspectalty low^^skitl children. For college adults, decoding speed has 
increased nearer to the iHitentia! limit set by name rctncval. Thust the latter 
makes more of a ratc*limiting contribution to verbal processing speed. 

VERBAL KNOWLEDGE 

Together with the simple verbal ptoeesses discussed before^ variations in 
verbal knowledge can be tmporunt for general verbal ability. Indeed* de- 
spite the attention given to these processes, it is quite possible that verbal 
knowledge is the fundamental ability factor for reading and verbal intcl- 
tigenecr Three kinds of verbal knowledge were suggested in the introduc- 
tion: word^^fbrm knowledge^ rule knowledge, and concept knowledge, it is 
dear that* especially for reading ability, knowledge of form ^nd rules is 
cnnealr. Especially insofar as decoding processes arc an important source of 
ability, the question can be asked whether decoding processes arc important 
independent of the knowledge of form and rules. Knowing the formal 
relationship between a printed word and tts phonemic form is one kind of 
knowledge that can underlie decodingr Knowing that, depending on 
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FIGURE 3> S^h^'m^ii^ riKKkloftho relative contnbutuvh ofdc^ujniit mm<'Tvtn<:vi\ 
mvs to wrhi] prw^mn^ with iiurcasiiig Ttadmj; skill dcvvlopmait lX"iroii"ig is rate hnkiim}; 
it lo\^cr skill Lvvcb ^nj name ri'tncval k rjtV Uinittn^ at iM^fhor skill Icccia 



orchographic cnvironincnc. certain grapheme pacccrns map onco phonemic 
sequences^ IS a second kind of kno^vlcdgc char can underlie decoding. 

Ic n even possible, as Baron {1979; Baron & Strawson* 1976) has sug- 
gested, thac individuals, ac leasr children, differ fundamencally in whether 
cheir decoding processes are driven by form knowledge or rule knowledge; 
cliac IS. whether an individual uses wholc^word patterns or grapheme- 
phoneme translation as the basis ofdecoding. Baron and Stra^son (1976) 
have referred to the former individuals as "Chinese" and the latter as 
^'Phoenicians There is^ m fact, suggestive evidence that although verbal 
ability IS supported by word-form knowledge, it is necessary to have rule 
knowledge to achieve high-ability levels. The children identified as Phoeni- 
cians tend to better readers than those identified as (Chinese. Indeed* 
encounters with unfamiliar words cannot be rounnely successful without 
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implicit rule knowk'dgc, altlicm^h u is p(>^s1b)c to su^^cst otherwise 
{Glushko, im. pp^ 61-84). 

Rule knowledge is ^uch a patently necessary par^ dc' odini;. at least as 
a backup system tor uord-torm knowledge, that the debate should be 
shifted up one level: Are dtflfcTences in word-decoding ability tytrty a matter 
of word form and word-rule knowledge or are there additional ditremiccs 
in the processes that access such knowledge? In the earlier sections of this 
chapter, we assumed that there arc processing differaici^s over and above 
knowledge difTcrcncvs^ m particular, that speed of dcxtMling ts entteal. 
However the evidence for this assumption is weak. It dCf-aids on decod-^ 
mg-spccd difTcrcnees m the absence of decodin^-aeeuraey difin cnces. More 
sensitive measures of knowledge might reveal knowledge differenees. For 
example, docs ^ low'-ability reader know the orthographic rule relating 
sylbble final e to vowel tenseness as well (he high-ability reader? Calfee^ 
Vcnezky, and Chapman (Note 7) presented data showing that sueh knowl- 
edge differenecs were rather pronounced among younger readers- In gener- 
al, sensitive tests of sueh knowledge among older teaders have not been 
done, perhaps partly on the assumption that speed and autontattcity are 
more eritieal. 

Of eourse^ this issue is difHeult lo decide fundamentally because u in- 
volves the trade-off between knowledge and process. To the extent that 
knowledge representation ean be ''slippery," there is a sense in which two 
knowledges that seem to be equivalent may not be. In other words* knowl- 
edge that is stable and eontext-frce is not equivalent to knowledge that is 
labile and context-dependent* even though both sorts of knowledge may 
produce an accurate response m ^ given situation. How individual dif- 
ferences in verbal ability ean be further understood as difrerenecs in the 
quality of verbal knowledge remains an important question deserv; ;g more 
attention than tt nas received. 



Verbal Concept Knowledge 

Aeeess to word meanings is a eentral component of most verbal tasks* 
including reading. As in the ease of decoding^ there is again the question of 
whether individual *'ffereaees in verbal ability melude both knowledge and 
proeess. Unlike the ease of decoding, however* process differenees* over 
and above decoding and name retrieval, are less well established compared 
with knowlc 'ge diflfi^.^iicc^s. Evai compared with decoding and name re- 
trievaK eoneept knowledge is> on the face of it, a more important source of 
ability difTcrenccs. Consider, for example, that the eorrelanons between 
adult verbal ability and the speed of name retneval (as measured by NI-PI) 
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arc typically about .3 (Hunt. 1978) whoroas corrrlations bccvccn verbal 
ability and vocabulary arc cypKatly above .8 (Anderson & Frccbody, Note 
8)h Indeed, tests of vocabubry knowledge directly ^nd indirectly constitute 
a larger part of the SAT and similar standardized tests used co define verbal 
ability in indivtdual*<lifrcrenccs rcsf arch. Thus, the question is not whether 
word^necpt know)ec%e is an important component of ability, but rather. 
What IS the nature ot the rdevant knowledge. 

The«r are rwo general features of word-roneept knowledge thac are 
important for general verbal abilities. One is the number of word eoneepts 
familiar to a person and rhe other is che quality of tiie knowledge for a given 
word. These two aspects of meaning have been acknowledged in one form 
or another for some cime; that is« breadth versus preasion (Cronbaeh. 
1942). and range versus precision (Kirkpatriek ^ Curecon. 1949)* and sim* 
ply nehness of meaning (I>oleh, 1927). Anderson and Frccbody (Note 8) 
refer to breadth of word knowledge and depth of word knowledge^ respcc* 
tively* and rhosc are che terms I will use here. 

Several ptobletns arw in assessing the breadth factor. As Anderson and 
Frccbody (Note 8) point o^, cstitnationsof vocabubry knowledge are very 
sensitive to the form of the vocabulary test. and. in the case of a multiple- 
choice tesr* the nature of the foijs* For these (and probably other) reasons* 
estimations of vocabulary size for a subpopulation vary over a vast range* 
with the highest csrimate for college students being more than 12 times 
brger than the smai^ost estimate (Anderson & Frccbody. Note 8). In any 
case, ir is clear that fhc number of word concepts familiar to a person will 
pby ^ role in his ability to read with understanding. Thus, vocabubry 
breadth is both a pan of reading ability and a general vcrbaUability factor. 

It considering che relationship bec^een breadth and depth and the role 
of each in verbal ability, a scudy by Cunis (Note 9) is informative. Curtis 
(Note 9) classified subjects as high or low in vocabubry knowledge on the 
basis of a multiplc^hoicc tesc consisting ofitcms from standardized tests. A 
second test was then composed, based on the difficuhy and discriminability 
of the items: kttowti words (95% of subjects correct), dhcrimin^tinfi words 
(50% of subjects correct and discriminatory between high and low scorers) 
and uttkfioH*n words (28% of subjects correct but not discriminating be* 
tween high and low scores). In the second test, among other tasks, subjects 
were asked to define the words and were encouraged to provide any seman* 
tie association to an unfamiliar word. An inrcrcsting resuh of rhis second 
test was that low-* knowledge subjects could provide little sc^mantic iiiforma* 
tion about discriminating and unknown words. They did not tend to pro* 
duce vaguel> related associations (e.g.* ^'dmst is like cease and desisc* ' 
which was a response of a high-knowledge subject) but rather ptoduced 
associations unrelated to the meaning of the word or no association at all. 
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This suggests, js Curtis (Noti* *>) ubsirvcd. thjt luw-kiiowk\li»c Mlb|^rt^ 
missed such items on the fora d-dioicc vDCjlui)jr]L tcfit. luit tmm Ijiluri.^ t(i 
evaluate semantic attributes ot the Toils, hut beeause they were inttaiiiilur 
with the words. On the other hand, tlw low-kiuiwlcdgc subjects did pr^>- 
duce relevant associations for the known words; however. haU tlw tune 
they could not give a synonym or correct explanation of the inejitiiti^. 
despite being able (twice) to chose the correct alternative in a multipk- 
choice (^(^ A general conclusion, based on several analyses by Cunis (N^ite 
9). IS that vocabulary knowledge as measured by such tests is largely a 
matter ofsome minimal ramiliantjr with the words and not a matter of dap 
semantic knowledge. This ;s interesting because oOhe ability implicjtion: 
vocabubry ability, in the usual sense, includes a Urge component of very 
supcrficiJ semantic knowledge. Nevertheless. Curtis (Note *>) found that 
hi^h and low subjeas also differ in the ^epth of their semantic knowledge 
even when differences in semantic breadth (range) were taken iiiro ac.oiinr 
Low-knowledgc individuals were not on!y familiar with fewer words— a 
fact sutTicient ro cxpbin vocabulary score differcnccs^hcy were also kss 
precise in the knowledge of words with which they were famihar 

It was also possible tn the Cunis (Note 9) study to relate performance on 
the vocabulary tests to ability scores based on the verbal SAT. Measures of 
decoding accuracy, based on identifying the vocabulary test woids. seman* 
tic range (or breadth), and semantic depth, were all highly correlarcd with 
verbal SATs. In fact, the cotrelations of semantic range and semantic depth 
with verbal SATS were at least as high (r = .92 and r = .91. respectively) as 
they were with perfbtmance on the vocabubry test (r - .88 2nd r = 
respectively). It is especially interesting that Curtis also found deeoding 
accuracy to be highly related to verbal SAT scores of low-scoring subjeas. 
Indeed, the results of multiple-regression and commonality analyses indi- 
cated that decoding accuracy accounted for more unitjue variance in the 
verbal^ability scores of low-ability subjects than did semantic depth (with 
range controlled). By contrast, high-ability subjeas scores were com- 
pletely accounted for by the depth (with range controlled) of semantic 
knowledge. This faa seems to support the possibility, raised previously, 
that more sensitive measures of word-form and/or word-rule knowledge- 
might wetl indicate significant ability differenc^N among adults. In this caM.\ 
the decoding weakness of lowverbal colk ge students is set n m less-familiar 
words. 

At the same time, high-vocabulary-kiiowledge subjects are taster at 
decoding, when accuracy is accounted for (Butler ^ Mainc^s. V)7*): Curtis. 
Note Mo/eover, the word-^identification times of high- vocabulary sub- 
jects are less affected by word length (Butler ^ Hain^^. l'>79). Thu^^. part of 
what It means to be high verbal seems to be developing procc*ssis for word 
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idcncinc^cton ch^t ^rc less scnsictvc co word Ictigch. And p^rc of wh^c tt 
mc^ns IS CO acquire 2 pssstng f^miluncy wuh 2 Urge number of word 
coticcpcs ^nd 2 more rcHncd semantic ^pprca^cion of 2 Urge pcrccnugc of 
those concepts. Understanding chc reUttonship bccwecn chose c^\'0 ^bihcics 
ts 2 matter for fucure research. 

BEYOND SIMPLE VERBAL PROCESSES 

In this discussion. 1 have brgely ignored complex verbal processes, explor- 
ing instead chc role of simple verbal processes in verbal abiltcy. A qucscion 
CO raise is whecher* in general, differences in verbal ability can be reduced co 
chcsc simple processes and concepcual knowledge. Ic ts useful co consider 
what ts involved in a complex verbal cask such as undcrscanding or writing 
a ccxc. There are at least cwo ways chac simple verbal processes may contrib- 
ute CO pcrfomtance on chcsc more complex verbal casks. One way ts chat 
simple verbal processes may affccc performance because ch^^y arc process- 
imiiift^ factors. A second possibiltcy for such effeccs is that simple verbal 
processes are te^mityii*timitiftjli fa«,cors. The distinccion between proeess-lim- 
tting taaors and learning-limiting faccors ts that the former affect the pr^ 
{fssfs occurring ac che time of performance* whereas the latcer have affected 
chc prior acquistnon of hwwtedj^^ and sirattj^ta which are activaced during 
rhe taste. 

One particular mechanism of process-limiting is chac the overall race of a 
complex v^bal cask ts Itniued by che race of execution of ics elementary 
componcncs. This docs noc necessarily imply chat complex verbal processes 
^rc merely concatenations of simple ones. For example* a cascade model 
(McClelland 1979) chat makes weaker sequential assumpctons abouc pro- 
cesses occurring cogecher would imply chac a low-level process would be 
ratc^limicing for cask performance. Even more completely tnceractive mod- 
els (Rumclhart McClelland> 1981. pp- 37-60) are consistenc wich the 
possibility thac lower-level processes arc racc4]micing. Applied to verbal 
abtkcy differences, che rate-limittng hypochesis is chac performance of a 
verbal Usk ts hmtced by simpler componcnc rates thac vary with tndi- 
viduats. For example* this possibihcy has been demonscraced by Pcrfetti and 
Roch (I98K pp. 269-297) for the case of children's readingabtlity: In tdcnti- 
fytng words in context* low-abilicy readers are liniiced by chcir race of basic 
concexc-f^^ejvord decoding. Ic is possiible co extend the rate-ltmiting princi* 
pie CO more complex texc-proressing casks (e.g., Lesgold ^ Ferfccti* 1978). 

Ic is unlikely thac chis can account cor alt — or even mosc— of individual 
abihcy dilFcfences tn more complex tasks. The learning-hmiting factor ts 
thac any complex verbal performance will be limiccd by chc pnor acquisi- ^ 
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CKHi ot'rvlcvahc a>iic'cptujit kiui\c-)c<)^c and scrjit^-^ics Tar Aw Usk jc Ii^iul. 
Evult*iK'tf torcho iinporcjuiccot'kiiowk'd^c ostonsiw over j rm^ii ol'c^vks 
{Anderson. Ucytiolds. Schjllort & (uk*«. b^77i Itran^tord & Johnson. TRV 
pp. ,W3-43H: i>tH>lmn ^ LjchuiJiti, Vr7\: Spilich, Vc^uidcr tlliKvi, & 
Vosv. IVT*)). Any uaor chac uihibus ^auMCiou ot' rt4cvjim knowledge dur- 
ing proccsMni; vctW liitiic pcTforniJiiKV. Thus, vorbjl ability Jiffcrcna^ jrc 
pjTcly 2 f^ucMiou ot inJividujil ditVcronm iti rdcvjiit kiiowkxJ^c. By chi.' 
icaming-Iiminng hypochcsis. difTcrcnoe^ in such vorbjl knowIcxJ^c anw m 
part bocausc low-cflficicncy, simple processes* havoliiiiict'd chcacquisuioii of 
relevant knowledge. The fact chat simple vcrbal^rocc^ss-ratc ditK^e^ncc^ 
oust jimon(* adulcs can be cakcn as consiscait wich thu possibihcy. At any 
given age* low-^abilicy individuals havo had less task*reWanc verbal pro- 
cessing and have made less efTeccive use of Hunc {VfTH) made a similar 
suggescion. 

It is obvious ihac this is a *'chiekcn c: chc egg problem*' and chat chere t% 
Imic reason co ptefer the hypothesis chat simpW verbal processes limu ac- 
quisition of knowledge co the hyfKHhesis chac aequtsicion of knowledge 
allows simple verbal processes, father chan making spunous argume-ncs 
about whac causes what. 1 suggcsc thac we assume chac simpL^ verbal pro* 
cesses concnbutc co knowWge acquisicion and chac both simple verbal 
processes and knowledge aequisicion contribute to verbal abthcy. Even if a 
stronger case could be made for reducing verbal-abilicy diffcrenccii to sim- 
ple processes, itjptay noc be useful for deeper underscanding of complex 
verbal pafoima^ces For example, consider che relatively sitnple knowl- 
edge involved in appreciating the difTcrcnee in meaning between disin- 
cerested ^d uninccrested. Ic is unlikely thac sueh knowledge ean b^'ftdue^'d 
to simple verbal processes. Similarly, che abihty co write a coherent and 
stylish text seems to be tnore chan simple verbal processes. Boch che^e 
examples represent verbal abilities which are poorly underscovd. The for- 
mer impbes fairly simple but powerful scmamicand morphological knowl- 
edgc/liic latcer cnuils a number of complex verbal abilici^rs producing very 
wide individual tatents. Sueh abilities have to be examined in char own 
righc by teferencv^to thetr cognitive Ci>niponencs and not only by rCfercnei^ 
CO simple verbal processes. As such work progresses, there will be mcire to 
say abouc complex verbal abiltties. 

CONCLUSION AND SUMMARY 

Individual difTcrcnecs in vetbal proeessi*s may be traced, in pare, to simple 
verbal processes. Alchough I have largely ignored complex verbal pro* 
cesses* chisdocs not mean chac diffcrcntts in verbal abihcy can be re'duced co 
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the simple ones diseussed here. It wilt be importune for tiicurc researeh co [ 
establish individual differences in spcafic higher level vabal processes and 
examine ocher levels of explanation. Such dtfTerences m chc abiluy Co eom* 
pt e a tcxc and co appreiiaic the dtsctnctions bccwa^ M^mattcically rcljced 
M ords are jusc two examples of the many verbal skills that dtfTercntiace 
individuals. That all these ean he* eompletely accounted for by Mmpte verbal 
processes seems more than unltkdy. 

However, simple verbal ptx)a^s appear co have some role in general 
verbal skill. Reading comprehension and relaced verbal skills, even ac chc 
college level, arc rebced to che ability co perform simple verbal tasks. 1 have 
emphasized fuur verbal process;.^ Jtid dtra^ kmds of verbal kiiowU^lge. The | 
latter are knowkd^c of word formanon (mcludtng word form and rxitc 
knowledge) and the brcadch and depch of word concepts. The processes arc j 
name recnevaK letcer recognition, decoding, and semantic access. Name ; 
retrieval is fundamental in thac che r;ire of ochcr processes is ser by rhe rate at I 
which any over learned symbol is retrieved. It is perhaps race*)imtcing for | 
high levels of verbal skill. For lower levels of verbal skill, the other three ' 
processes, especially deeodmg and semantic access may race4imiting. 
Alchough memory processes also arc part of verba) ability. 1 hjvc suggested 
chac cfnnenc word retrieval front inactivatc^l mcttiory is a parctcular hall- 
mark of skilled verbal processing. 
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